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PREFACE 


The  Electromagnetic  Compatibility  Analysis  Center  (ECAC)  is  a Department  of 
Defense  facility,  established  to  provide  advice  and  assistance  on  electromagnetic 
compatibility  matters  to  the  Secretary  of  Defense,  the  Joint  Chiefs  of  Staff,  the  military 
departments  and  other  DoD  components.  The  Center,  located  at  North  Severn,  Annapolis, 
Maryland  21402,  is  under  executive  control  of  the  Assistant- Secretary  of  Defense  for 
Communication,  Command,  Control,  and  Intelligence  and  the  Chairman,  Joint  Chiefs  of 
Staff,  or  their  designees,  who  jointly  provide  policy  guidance,  assign  projects,  and  establish 
priorities.  ECAC  functions  under  the  direction  of  the  Secretary  of  the  Air  Force  and  the 
management  and  technical  direction  of  the  Center  are  provided  by  military  and  civil  service 
personnel.  The  technical  operations  function  is  provided  through  an  Air  Force  sponsored 
contract  with  the  IIT  Research  Institute  (IITRI). 


This  report  was  prepared  for  the  Systems  Research  and  Development  Service  of  the 
Federal  Aviation  Administration  in  accordance  with  Interagency  Agreement 
DOT-FA70WAI-175,  as  part  of  AF  Project  649E  under  Contract  F-19628-76-C-0017,  by  the 
staff  of  the  IIT  Research  Institute  at  the  Department  of  Defense  Electromagnetic 
Compatibility  Analysis  Center. 


To  the  extent  possible,  all  abbreviations  and  symbols  used  in  this  report  are  taken  from 
American  Standard  Y10.19  (1967)  "Units  Used  in  Electrical  Science  and  Electrical 
Engineering"  issued  by  the  USA  Standards  Institute. 

Reviewed  by: 


•j.  G.  PREIS,"  R 
Project  Engineer,  IITRI 

Approved  by; 

'r.  e.  beery  1 

Colonel,  USAF  \ 

Director 


^J.  M.  DETERDING 
Director  of  Contractc 


Operations 


M.  A.  SKEATH 
Special  Projects 
Deputy  Director 
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FEDERAL  AVIATION  ADMINISTRATION 
SYSTEMS  RESEARCH  AND  DEVELOPMENT  SERVICE 
SPECTRUM  MANAGEMENT  STAFF 


STATEMENT  OF  MISSION 

The  mission  of  the  Spectrum  Management  Staff  is  to  assist  the  Department  of  State, 
Office  of  Telecommunications  Policy,  and  the  Federal  Communications  Commission  in 
assuring  the  FAA's  and  the  nation's  aviation  interests  with  sufficient  protected 
electromagnetic  telecommunications  resources  throughout  the  world  to  provide  for  the  safe 
conduct  of  aeronautical  flight  by  fostering  effective  and  efficient  use  of  a natural 
resource-the  electromagnetic  radio-frequency  spectrum. 

This  objective  is  achieved  through  the  following  services; 

• Planning  and  defending  the  acquisition  and  retention  of  sufficient  radio-frequency 
spectrum  to  support  the  aeronautical  interests  of  the  nation,  at  home  and  abroad,  and 
spectrum  standardization  for  the  world's  aviation  community. 

• Providing  research,  analysis,  engineering,  and  evaluation  in  the  development  of 
spectrum  related  policy,  planning,  standards,  criteria,  measurement  equipment,  and 
measurement  techniques. 

• Conducting  electromagnetic  compatibility  analyses  to  determine  intra/inter-system 
viability  and  design  parameters,  to  assure  certification  of  adequate  spectrum  to  support 
system  operational  use  and  projected  growth  patterns,  to  defend  the  aeronautical 
services  spectrum  from  encroachment  by  others,  and  to  provide  for  the  efficient  use  of 
the  aeronautical  spectrum. 

• Developing  automated  frequency-selection  computer  programs/routines  to  provide 
frequency  planning,  frequency  assignment,  and  spectrum  analysis  capabilities  in  the 
spectrum  supporting  the  National  Airspace  System. 

• Providing  spectrum  management  consultation,  assistance,  and  guidance  to  all  aviation 
interests,  users,  and  providers  of  equipment  and  services,  both  national  and 
international. 
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EXECUTIVE  SUMMARY 

As  a joint  venture  of  the  United  States  (US),  Canada,  and 
the  European  Agency  (ESA) , an  experimental  aeronautical 
satellite  (AEROSAT)  system  is  presently  being  developed,  AEROSAT 
will  provide  an  evaluation  of  communications  and  position-fixing 
techniques  for  aircraft  flying  transoceanic  routes. 

The  Federal  Aviation  Administration  (FAA)  is  directing  US 
participation  in  the  program.  FAA  requested  that  the  DoD  Electro- 
magnetic Compatibility  Analysis  Center  (ECAC)  determine  means  by 
which  the  AEROSAT  satellite- to-aircraft  VHF  link  can  operate  com- 
patibly with  the  inband  international  air-to-ground  communications 
system  (terrestrial  system). 

Operational  conditions  were  evaluated  to  determine  possible 
interactions  between  AEROSAT  and  the  VHF  user  community.  Usage  in 
the  VHF  frequency  band  (125.4-132.0  MHz)  was  ascertained  and  repre- 
sentative VHF  equipment  electrical  parameters  were  determined.  AEROSAT 
electromagnetic  compatibility  (EMC)  equipment  specifications  and  oper- 
ational constraints  were  established  to  preclude  interference  to  the 
VHF-user  community.  The  FAA-proposed  frequency  plan,  whereby  AEROSAT 
frequencies  would  be  assigned  midway  between  the  50-kHz  channels  pre- 
sently used  in  the  125.4-126.0  and  131.4-132.0  MHz  frequency  bands, 
was  shown  to  be  feasible. 

In  Volume  I of  this  report,  only  the  US  and  Canadian  environ- 
ments were  addressed.  This  volume  extends  the  analysis  to  include 
a worldwide  environment  based  on  terrestrial-system  information 
available  to  ECAC.  The  final  results  show  that  by:  (1)  developing 

AEROSAT  avionic  and  satellite  receivers  to  meet  recommended  adjacent 
channel  rejections;  (2)  preventing  use  of  the  AEROSAT  system  near 
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EXECUTIVE  SUMMARY  (Continued) 

European  coastlines  and  ground  stations  located  in  the  Pacific 
area;  and  (3)  coordinating  operationally  with  a small  number  of 
terrestrial  ground  stations,  the  AEROSAT  system  may  operate  as  in- 
tended and  have  a full  complement  of  frequencies  available  for  use 
over  the  Atlantic  and  Pacific  Oceans. 

Co-channel  operation  of  Aerosat  and  other  VHF-users  was 
not  considered  in  this  analysis. 
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Section  I 


SECTION  I 
INTRODUCTION 


BACKGROUND 


The  United  States,  Canada,  and  the  European  Space  Agency  (ESA) 
are  cooperating  in  the  development  of  an  aeronautical  satellite 
program  designated  AEROSAT. ^ The  Federal  Aviation  Administration 
(FAA)  is  directing  the  US  participation  in  the  AEROSAT  program. 

The  Electromagnetic  Compatibility  Analysis  Center  (ECAC)  has 
been  tasked  by  FAA  to  perform  an  electromagnetic  compatibility  (EMC) 
analysis,  a portion  of  which  is  concerned  with  the  interactions  of 
AEROSAT  VHF  links  with  existing  VHF  usage  in  the  118-136  MHz  aero- 
nautical mobile  band.  The  purpose  of  the  analysis  is  to  determine 
the  compatibility  of  the  AEROSAT-VHF  system  with  the  terrestrial  VHF 
system  and,  if  required,  to  develop  methods  that  will  provide  for 
compatible  operation. 

The  initial  analysis  (Volume  1)  of  the  results  of  the  AEROSAT 
VHF  analysis  was  completed  by  ECAC  in  November,  1975.  Volume  1 
contains  detailed  system  descriptions  of  the  AEROSAT  and  terrestrial 
VHF  systems,  as  well  as  characterizations  of  propagation,  antenna 
patterns,  and  degradation  thresholds;  results  and  recommendations 
provide  guidelines  for  AEROSAT  aircraft  receiver  development  that 
are  applicable  worldwide,  and  guidelines  for  satellite  receiver 
development  that  pertain  only  to  the  environment  in  the  US  and 
Canada. 


^Memorandum  of  Understanding  on  a Joint  Programme  of  Experimentation 
and  Evaluation  Using  an  Aeronautical  Satellite  Capability  Between 
the  US  Department  of  Transportation,  Federal  Aviation  Administration 
(FAA) , the  European  Space  Research  Organization  (ESRO) , and  the 
Government  of  Canada,  August  2,  1974. 
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OBJECTIVES 


The  objectives  of  the  study  were  to  complete  the  analysis  of 
AEROSAT  VHP  compatibility  with  the  terrestrial  VHP  system,  based 
on  available  worldwide  data  concerning  the  terrestrial  system, 
and  to  provide  any  necessary  guidelines  in  addition  to  those  given 
in  Volume  1. 

APPROACH 


Information  concerning  frequencies  and  technical  characteristics 
of  stations  now  using  the  AEROSAT  VHP  bands  was  collected  from  several 
sources  available  to  ECAC,  and  the  information  was  correlated  to  pro- 
vide the  worldwide  environment  in  which  AEROSAT  VHP  links  must  operate. 

In  order  to  determine  the  effect  of  VHP  transmitters  on  the  AEROSAT 
satellite,  interfering  power  levels  at  the  satellite  were  calculated  and 
compared  with  maximum  allowable  interfering  signal  levels.  The  results 
were  combined  with  results  contained  in  Volume  1 to  develop  a required 
satellite  selectivity  characteristic. 

Potential  interference  from  AEROSAT  aircraft  to  equipments  in 
the  aeronautical  mobile  service  was  analyzed  by  considering  the  selec- 
tivity of  the  aeronautical  mobile  equipments,  the  coupling  between 
AEROSAT  aircraft  and  aeronautical  mobile  equipments,  and  the  locations 
of  ground  stations  and  aircraft  that  are  potential  victims.  Recommen- 
dations concerning  geographical  operating  areas  for  AEROSAT  aircraft 
were  made  based  on  the  distance  separation  required  to  avoid  receiver 
degradation. 
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Section  2 


SECTION  2 
ANALYSIS 


PROCEDURE 


System  descriptions  and  technical  characteristics  of  the 
AEROSAT  VHP  and  terrestrial  VHP  systems  are  provided  in  Volume  1. 


Pour  potential  interference  situations,  depicted  in  FIGURES 
1 through  4,  are  considered  in  this  analysis.  These  situations  are: 


1.  Terrestrial  system  potential  interference  to  the 
AEROSAT  satellite: 

2.  Terrestrial  system  potential  interference  to  AEROSAT 

avionics ; 


3.  AEROSAT  satellite  potential 
system  receivers;  and 

4.  AEROSAT  avionics  potential 
system  receivers. 


interference  to  terrestrial 


interference  to  terrestrial 


These  situations,  except  for  interactions  involving  US/Canada  ground 
equipments,  are  discussed  in  the  following  subsections. 


TERRESTRIAL  SYSTEM  POTENTIAL  INTERFERENCE  TO  THE  AEROSAT  SATELLITE 


General 


Each  AEROSAT  satellite  will  receive  up  to  four  carriers  containing 
voice  or  data;  carrier  center  frequencies  will  be  chosen  from  t’'  fol- 
lowing set  of  frequencies;  131.425,  131.475,  131.525,  131.575,  131.625, 
131.675,  131.725,  131.775,  131.825,  131.875,  131.925,  and  131.975  MHz. 
The  satellite  VHF-to-C-band  (5.0-5.25  GHz)  repeater  will  be  channelized 
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Section  2 


FIGURE  1.  TERRESTRIAL  SYSTEM  POTENTIAL  INTER- 
FERENCE TO  THE  SATELLITE  RECEIVER. 


FIGURE  2.  TERRESTRIAL  SYSTEM  FOTENTIAL  INTER- 
FERENCE TO  THE  AEROSAT  AVIONICS 
RECEIVER. 
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FIGURE  3.  AEROSAT  SATELLITE  POTENTIAL  INTER- 
FERENCE TO  THE  TERRESTRIAL  SYSTEM 
RECEIVERS. 


U 


FIGURE  4.  AEROSAT  AIRBORNE  TRANSMITTER  POTENTIAL 
INTERFERENCE  TO  THE  TERRESTRIAL  SYSTEM 
RECEIVERS. 
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and  limited;  that  is,  each  VHF  uplink  frequency  will  be  filtered 
and  hard-limited  before  being  converted  to  C-band  and  transmitted 
to  the  earth  station.  The  VHF  antenna  on-board  the  satellite  will 
have  an  earth-coverage  pattern  with  an  approximate  gain  of  10  dBi . 

The  two  AEROSAT  satellites  will  be  located  at  approximately  15°W  and 
40°W  longitude,  over  the  Atlantic  Ocean.  In  later  phases  of  the 
program,  the  satellites  may  be  moved  to  the  Pacific  area,  in  which 
case  the  satellite  locations  will  probably  be  155°W  and  180°W  longi- 
tude. 

Ground  Station  Data 

Since  each  satellite  antenna  pattern  will  cover  a large  portion 
of  the  earth's  surface,  and  since  both  Atlantic  and  Pacific  satellite 
locations  are  contemplated,  a world-wide  environment  of  terrestrial 
system  ground  stations  must  be  considered.  The  131.4-132.0  MHz  band 
of  interest  is  primarily  used  by  civilian  agencies  worldwide.  The 
data  available  at  ECAC  concerning  the  usage  of  this  band  outside  the 
US  and  Canada  is  contained  in  lists  compiled  by  the  International 
Telecommunications  Union  (ITU),  the  International  Civil  Aviation 
Organization  (ICAO),  and  the  International  Air  Transport  Association 
(lATA) . 


I 


The  completeness  and  accuracy  of  the  available  data  is  questionable. 
The  ITU  lists,  which  are  the  only  lists  containing  geographical  coordi- 
nates and  power  outputs  of  the  ground  stations,  contain  only  a small  sub- 
set of  the  ground  stations  appearing  in  the  ICAO  lists.  The  ICAO  lists, 
while  containing  more  equipments  than  the  ITU  lists,  are  not  available 
for  all  parts  of  the  world.  For  example,  no  ICAO  list  is  published  for 
Australia  and  New  Zealand.  In  addition,  several  of  the  ICAO  and  lATA 
lists  are  not  recent  (South  America:  June  1971,  South  East  Asia/Pacific: 

December  1970).  The  ICAO  and  lATA  lists  of  European  ground  stations, 
however,  are  recent  (1975)  and  contain  essentially  the  same  information. 
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In  order  to  proceed  with  the  analysis,  certain  assumptions^ 
were  made  concerning  the  characteristics  of  the  ground  stations; 
geographical  coordinates  of  the  ground  transmitting  antenna  were 
assumed  to  be  the  coordinates  of  the  airport  serving  the  listed 
city;  if  no  airport  was  in  the  vicinity  of  the  listed  city,  center- 
city  coordinates  were  used.  Except  for  the  few  instances  where 
transmitter  power  was  available  from  ITU  lists,  the  assumption  was 
made  that  power  was  50  watts  for  all  stations  except  extended  range 
stations,  which  were  assumed  to  use  1000-watt  transmitters.  All 
antennas  were  assumed  to  be  omnidirectional.  It  was  assumed  that 
no  frequency  offsets  were  used  by  the  ground  stations. 

The  selected  ground  station  coordinates  are  sufficiently 
accurate  for  calculation  of  received  power  levels  at  the  satellite, 
considering  the  large  distance  between  the  earth's  surface  and  the 
geostationary  orbit.  The  assumptions  concerning  transmitter  power, 
antenna  gain,  and  frequency  offset,  however,  are  based  on  equipment 
usage  in  the  US  and  Canada,  and  are  subject  to  verification.  It  is 
quite  possible,  for  example,  that  highly  directional  antennas  are 
used  by  European  extended  range  stations  and  that  frequency  offsets, 
similar  to  those  used  by  Aeronautical  Radio  Inc.  (ARINC)  in  the  US, 
are  used  by  closely  situated  European  stations  on  the  same  frequency 

Interference  Power  Received  by  the  Satellite 

General.  Ground  stations  in  the  131.4-132.0  MHz  band  are  pre- 
sently assigned  to  frequencies  at  integral  multiples  of  50  kHz;  that 

is,  at  131.4  MHz,  131.45  MHz,  131.50  MHz with  the  exception  of 

two  stations  in  France.  One  station  is  listed^  as  operating  at 


^ECAC  (ACV)  Letter  to  FAA  dated  December  15,  1975,  Subject:  Support 

Data  for  AEROSAT. 

^Frequency  Assignments  in  the  Band  117 .975-136  MHz,  European  Area, 
Paris  Office  Com  List  No.  3,  Eighteenth  Edition,  International  Civil 
Aviation  Organization,  June  1975. 
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131.425  MHz  (Paris,  Le  Bourget  Airport),  and  the  other  is  listed 
at  131.975  MHz  (Calvi,  Corsica). 

The  interference  power  received  at  the  satellite  from  each 
ground  station  and  from  a typical  aircraft  communicating  with 
each  ground  station  was  calculated  as  follows:  slant  range  from 

ground  stations  to  each  potential  satellite  location  was  calcu- 
lated, and  free-space  propagation  loss  was  determined  for  each 
path.  Maximum  scintillation  gain  expected  one  percent  of  the 
time  and  maximum  multipath  gain  of  the  interfering  signal  were 
calculated  based  on  elevation  angle  and  ground  station  location 
(see  Volume  1).  Satellite  antenna  gain  of  10  dBi , polarization 
loss  of  3 dB  (linear  to  circular),  and  assumed  ground-station 
power  and  antenna  gain  were  added  to  the  modified  propagation 
loss  to  determine  the  interference  power  at  the  satellite  antenna 
terminals.  The  results  of  these  calculations  are  presented  in 
detail  in  the  computer  listings  contained  in  APPENDIXES  A and  B. 

On- Tune  Interference . The  interference  power  level  listed 
in  APPENDIX  A for  both  131.425  MHz  and  131.975  mz  is  -135  dBW, 
resulting  from  emissions  of  stations  at  these  frequencies.  The 
level  of  the  desired  carrier  at  the  satellite  ranges*^  from  -157 
to  -135  dBW/m^,  which  may  be  expressed  in  terms  of  power  level 
at  the  satellite  antenna  terminals  by  utilizing  the  following 
expression: 


^Satellite  Specifications,  AEROSAT  Space  Segment  Program  Office, 
Issue  D,  January  12,  1976. 
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where 

P 

r 

the 

received  power  level,  in  watts 

o. 

II 

the 

power  density  at  the  antenna,  in  watts/m^ 

G = 

the 

antenna  gain,  in  dBi 

A = 

the 

signal  wavelength,  in  meters. 

Using  the  satellite  antenna  gain  of  10  dBi,  the  desired  signal 
level  is  calculated  to  be  in  the  range  from  -151  dBW  to  -129  dBW. 
Thus,  the  interference  power  of  -135  dBW  may  exceed  the  carrier 
power  by  up  to  16  dB.  This  ratio  will  cause  interference  to  the 
satellite  link,  since  the  maximum  acceptable  interference  level 
is  1.2  dB  below  the  carrier  power. ^ 

Atlantic  Satellite  Selectivity,  The  maximum  interference 
power  levels  shown  in  APPENDIX  A occur  at  frequencies  of  131.4, 
131.55,  131.6,  and  131.75  MUz,  which  correspond  to  the  frequencies 
used  by  the  extended  range  stations;  power  level  at  these  fre- 
quencies is  -122  dBW  at  the  output  of  the  satellite  antenna. 
Typical  interference  power  level,  as  shown  in  APPENDIX  A,  is  -135 
dBW  with  interfering  signals  from  numerous  ground  stations  25  kHz 
above  and  25  kHz  below  each  possible  AEROSAT  frequency. 

Since  scintillation  and  multipath  are  rarely  at  a maximum 
simultaneously,  the  maximum  undesired  signal  strength  from  a 
particular  transmitter  (as  calculated  in  APPENDIX  A)  occurs  only 
a tenth  of  a percent  of  the  time.  The  probability  that  the  un- 
desired signals  from  two  transmitters  would  be  at  a maximum 

^Interference  Considerations  for  the  AEROSAT  Satellite  Specifica- 
tion, AEROSAT  Space  Segment  Program  Office,  Noordwijk,  Holland, 
December  17,  1975. 
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simultaneously  is  extremely  low.  Therefore,  although  there  are 
many  transmitters  in  each  terrestrial  system  channel,  it  is  as- 
sumed that  they  do  not  combine  to  produce  a higher  undesired 
signal  strength  at  a satellite  than  the  highest  undesired  signal 
strength  from  any  single  transmitter. 

To  determine  the  total  environment  (subject  to  data  limita- 
tions) in  which  the  Atlantic  satellite  must  operate,  the  results 
of  APPENDIX  A were  examined  along  with  the  results  of  similar 
calculations  detailed  in  Volume  1 for  the  US  and  Canada.  Results 
from  Volume  1 were  modified  to  reflecv  future  plans®  of  ARINC  to 
reduce  high-power  (100,  200,  and  500  W)  stations  to  approximately 
50  watts.  The  combining  of  these  results  shows  that  any  of  the 
twelve  possible  AEROSAT  channels  (131.425  MHz,  131.475  MHz,  131.525 
MHz...)  may  be  used  if  the  selectivity  around  the  channel  is  de- 
signed to  operate  in  the  presence  of  the  following  signals: 

-135  dBW  at  ±17  kHz 
-122  dBW  at  ±25  kHz. 

This  selectivity  requirement,  however,  does  not  take  into 
account  the  possible  instability  of  the  interfering  transmitter. 
ICAO  standards^  for  VHP  ground  and  airborne  stations  require  a 
stability  of  ±.005%  unless  an  offset  carrier  system  is  used.  An 
offset  carrier  may  never  be  more  than  8 kHz  from  the  nominal  fre- 
quency; in  a 4-carrier  offset  system  (carriers  at  plus  and  minus 

^Meeting,  R.  Jones,  FAA,  S.  Nardone,  ARINC,  and  J.  Preis,  ECAC, 
October  6,  1975. 

"^International  Standards  and  Recoimended  Practices , Aeronautical 
Telecormunications , Annex  10  to  the  Convention  on  International 
Civil  Aviation,  Volume  1,  Third  Edition,  International  Civil 
Aviation  Organization,  Montreal,  Canada,  July  1974. 
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2.5  kHz  and  plus  and  minus  7.5  kHz),  stability  required  is  ±0.5 
kHz;  in  a 5-carrier  system  (carriers  at  zero,  plus  and  minus  4 kHz 
and  plus  and  minus  8 kHz),  stability  required  is  ±40  Hz.  Inter- 
fering signals  at  ±17  kHz  from  AEROSAT  frequencies  are  from  offset 
carrier  (5-carrier)  systems  and  are  thus  relatively  stable,  but 
interfering  signals  at  ±25  kHz  from  AEROSAT  frequencies  are  re- 
quired only  to  be  within  approximately  ±6  kHz  of  the  nominal  center 
frequencies.  The  selectivity  of  the  satellite  repeater  must  allow 
for  the  ±6  kHz  instability  in  the  interfering  signal;  satellite  re- 
peater stability  is  ±1  part  in  10^  and  does  not  contribute  signifi- 
cantly to  frequency  drift.  The  resulting  interfering  signal  environ- 
ment is: 


-135  dBW  at  ±17  kHz 
-122  dBW  at  ±19  kHz. 

In  order  to  reduce  the  interference  power  to  1.2  dB  below  the  carrier 
power  (-151  dBW  minimum),  the  selectivity  of  each  channel  in  the  satel- 
lite must  be  as  follows: 

minimum  17  dB  rejection  at  ±17  kHz 
minimum  30  dB  rejection  at  ±19  kHz. 

TABLE  1 provides  a tabulation  of  the  number  of  ground  stations 
in  the  field  of  view  of  an  Atlantic  satellite.  As  indicated  in  this 
table,  not  all  AEROSAT  frequencies  will  be  subject  to  interfering 
signals  at  ±17  kHz.  In  particular,  if  a wider  satellite  receiver 
bandpass  is  desired  for  surveillance  experiments,  either  131.425  or 
131.975  MHz  may  be  used,  since  the  closest  interfering  signals  are 
at  -21  kHz  and  ±25  kHz  respectively  (assuming  that  operational  coordi- 
nation with  the  two  on- tune  ground  stations  is  possible). 
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Pacific  Satellite  Selectivity . Typical  received  power  levels 
at  Pacific  satellite  locations  will  be  similar  to  those  at  Atlantic 
satellite  locations,  with  the  exceptions  that  received  power  at 
131.944  MHz  may  be  as  high  as  -113  dBW  (see  Volume  1)  and  received 
power  at  132.0  NHz  may  be  as  high  as  -117  dBW,  as  shown  in  APPENDIX  B. 
The  satellite  selectivity  recommended  for  the  Atlantic  satellites 
(above)  will  not  necessarily  be  sufficient  to  allow  interference-free 
operation  on  131.925  or  131.975  MHz  in  the  Pacific  area.  However, 
since  the  satellites  will  primarily  be  used  in  the  Atlantic  area,  with 
Pacific  area  use  only  a possibility,  general  selectivity  requirements 
should  not  be  based  on  signals  that  will  only  occur  in  Pacific  areas. 
The  recommended  selectivity  will  be  acceptable  if  131.925  and  131.975 
MHz  are  not  used  in  the  Pacific  or  if  operational  coordination  with 
the  two  stations  at  131.944  MHz  and  132.0  MHz  is  possible. 

TERRESTRIAL  SYSTEM  POTENTIAL  INTERFERENCE  TO  AEROSAT  AVIONICS 


The  AEROSAT  aircraft  will  receive  transmissions  from  the  satel- 
lite in  the  125.4-126.0  MHz  band.  Each  satellite  will  transmit  up  to 
two  carriers;  carrier  center  frequencies  will  be  chosen  from  the  fol- 
lowing set:  125.425,  125.475,  125.525,  125.575,  125.625,  125.675, 

125.725,  125.775,  125.825,  125.875,  125.925,  and  125.975  MHz. 

Analysis  of  possible  interference  from  the  large  number  of  ground 
stations  now  operating  in  the  125.4-126.0  MHz  band  was  presented  in 
Volume  1.  Since  the  possibility  that  frequency  offsets  are  used  in 
Europe  was  taken  into  account  in  the  analysis,  no  modification  of 
results  is  -equired.  The  AEROSAT  avionics  receiver  should  be  designed 
so  that  the  lock-in  range  of  the  phase-lock  loop  is  within  ±17  kHz 
of  the  desired  frequency,  and  the  receiver  should  be  designed  to  oper- 
ate in  the  presence  of  undesired  signals,  17  to  25  kHz  away,  51  dB 
above  the  desired  signal.  Undesired  signals  up  to  84  dB  above  the 
desired  signal  are  possible  during  unrestricted  system  operation. 
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AEROSAT  SATELLITE  POTENTIAL  INTERFERENCE  TO  TERRESTRIAL  SYSTEM 
RECEIVERS 

This  potential  interference  path  in  the  125.4-126.0  MHz  band 
was  considered  in  Volume  1.  No  degradation  of  terrestrial  system 
receivers  is  expected,  because  of  the  low  interfering  signal  levels 
available  from  the  satellite  at  the  earth's  surface. 

AEROSAT  AVIONICS  POTENTIAL  INTERFERENCE  TO  TERRESTRIAL  SYSTEM 
RECEIVERS 

General 

Aircraft  equipped  with  AEROSAT  VHF  avionics  will  transmit  to 
the  satellite  in  the  131.4-132.0  MHz  band.  An  individual  aircraft 
will  transmit  on  one  frequency  only,  but  up  to  eight  frequencies 
may  be  in  use  simultaneously  in  the  Atlantic  area  since  each  satel- 
lite may  receive  up  to  four  VtlF  channels.  The  frequencies  to  be 
used  will  be  chosen  from  the  following  set:  131.425,  131.475, 

131.525, . . . , 131.975  MHz. 

As  indicated  in  APPENDIXES  A and  B,  ground  stations  in  the 
terrestrial  system  operate  at  integral  multiples  of  50  kHz  in  the 
131.4-132.0  MHz  band.  Potential  interference  from  AEROSAT  avionics 
to  the  receiver  at  the  terrestrial  system  ground  stations  and  to 
the  receivers  on-board  the  aircraft  communicating  with  the  ground 
stations  will  depend  to  a great  extent  on  whether  the  receivers  are 
designed  to  reject  adjacent  channel  signals  25  kHz  away.  The  present 
assignments  in  the  131.4-132.0  MHz  band  are  at  50-kHz  increments,  and 
no  information  concerning  receiver  selectivity  is  contained  in  the 
ITU,  ICAO,  or  lATA  frequency  lists.  Information  presented  in  ICAO 
documents  (Reference  7)  shows  that  ground  and  aircraft  receivers  must 
be  capable  of  rejecting  the  next  assignable  frequency,  which  is  normally 
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±50  kHz,  but  that  25-kHz  channelization  is  possible  in  certain 
unspecified  areas  of  the  world  after  1 January  1977.  In  the  I'S 
and  Canada,  most  commercial  aircraft  and  ground  stations  in  the 
131.4-132.0  MHz  band  are  expected  to  be  converted  to  25-kHz  selec- 
tivity by  1977  (see  Volume  1).  However,  definite  information  is 
lacking  regarding  the  intentions  of  airlines  to  convert  to  25-kHz 
selectivity  in  the  rest  of  the  world. 

Interference  on  North  Atlantic  Routes 

Since  AEROSAT- equipped  aircraft  will  primarily  be  flying  North 
Atlantic  air  routes,  potential  interference  to  aircraft  and  ground 
stations  in  the  North  America/Europe  area  must  be  considered.  In 
Volume  1,  it  was  shown  that  interference  to  ground  stations  and  air- 
craft on  the  North  American  side  of  the  Atlantic  is  not  likely  to 
occur.  Interference  to  European  aircraft  and  ground  stations  is 
analyzed  in  this  volume. 

Since  European  frequency  assignments  in  the  131.4-132.0  MHz 
band  are  at  50-kHz  intervals,  and  since  the  normal  selectivity  re- 
quired by  ICAO  is  rejection  of  adjacent  channels  50  kHz  away,  it  is 
assumed  that  all  ground  stations  in  this  band  and  VHP  radios  in  all 
aircraft  flying  routes  within  Europe  are  equipped  with  50-kHz  selec- 
tivity. 

Some  additional  information  is  available  with  regard  to  air- 
craft flying  trans-At lantic  routes.  It  is  indicated  in  the  ICAO  and 
lATA  frequency  lists®  (Reference  3)  that  European  ground  stations  in 
the  131.4-132.0  MHz  band  are  operated  by  and  provide  service  to  only 
certain  airline  companies.  All  of  the  twenty  lATA  members  providing 

^Airline  Company  VHF  Operational  Control  Facilities  Frequency  Plan 
for  Europe  and  Middle  East  Region,  International  Air  Transport  Asso- 
ciation, May  1975. 
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scheduled  service  to  and  from  Europe  on  North  Atlantic  routes 
utilize  this  band,  but  the  companies  providing  charter-only  North 
Atlantic  service  are  not  listed  as  utilizing  the  band.  Of  the 
North  Atlantic  carriers  that  use  the  band,  a significant  number 
have  indicated  that  25-kHz  equipment  will  be  installed  by  1977.^ 
Based  on  a listing  of  North  Atlantic  flight  statistics, nine  of 
the  top  eleven  North  Atlantic  carriers  will  be  equipped  for  25-kHz 
selectivity  by  1977.  Information  concerning  the  plans  of  the  other 
airlines  using  the  131.4-132.0  MHz  band  in  the  North  Atlantic  is 
not  available.  Based  upon  present  statistics  (July,  1975),  4992 
flights  out  of  the  total  6456  flights  were  operated  by  the  nine 
carriers  that  will  be  equipped  for  25-kHz  selectivity;  if  the 
present  distribution  of  flights  continues,  approximately  80^o  of 
the  aircraft  will  definitely  be  so  equipped,  and  other  airlines 
may  also  be  equipped. 

Calculations  performed  in  Volume  1 indicate  that  AEROSAT- 
equipped  aircraft  will  not  interfere  with  terrestrial-system  air- 
craft when  the  terrestrial -system  aircraft  is  equipped  for  25-kHz 
selectivity.  Thus,  interference  to  aircraft  flying  trans-Atlantic 
routes  into  and  out  of  Europe  is  unlikely,  based  on  the  percentage 
of  aircraft  that  will  be  so  equipped. 

Interference  on  European  Routes 

Interference  by  AEROSAT-equipped  aircraft  to  terrestrial  system 
ground  stations  in  Europe,  and  to  terrestrial  system  aircraft  flying 

^TELCON  between  .1.  Preis,  ECAC,  and  R.  Sollien,  ARINC,  October  1975. 

10u{.jorth  Atlantic  Passenger  Traffic,  July  1975,"  Aviation  Week  and 
Space  Technology,  October  27,  1975,  p.  33. 
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European  routes  was  analyzed.  As  stated  above,  these  receivers 
are  assumed  to  be  equipped  with  50-kHz  selectivity,  as  defined  by 
ICAO  in  Reference  7.  Specific  ICAO  technical  requirements  are 
presented  in  TABLE  2. 


TABLE  2 


VHF  COMMUNICATION  SYSTEM  CHARACTERISTICS 


Sensitivity 

Stability 

Adjacent -Channel 
Rejection 

Ground  Station 

20  wV/m 

.005% 

60  dB  at  Z50  kHz 

(-120  dBW/m^) 

Airborne  Station 

75  pV/m 

.005% 

50  dB  at  +50  kHz 

(-109  dBW/m^) 

40  dB  at  ±35  kHz 

Using  Equation  1,  the  sensitivity  of  the  receivers  may  be  expressed 
in  terms  of  power  level  at  the  receiver  input  terminals.  Utilizing 
an  effective  antenna  gain  of  0 dBi  to  account  for  line  losses,  the 
sensitivity  of  the  ground  receiver  was  calculated  to  be  -124  dBW, 
and  the  sensitivity  of  the  airborne  receiver  -ll."5  dBW.  The  receiver 
bandwidth  (-.^  dB)  was  estimated  to  be  37  kHz  in  each  case,  based  on 
a survey  of  existing  equipments  and  a calculation  of  requirements  to 
account  for  signal  bandwidth  and  instability. 

In  order  to  predict  the  effect  of  an  FM  interfering  signal  (from 
an  AEROSAT  aircraft)  on  the  ground  and  airborne  receivers,  an  existing 
ECAC  computer  model  was  used.  Inputs  to  the  program  include  descriptions 
of  the  receivers  and  of  the  undesired  AEROSAT  signal,  and  indicate  that 
the  undesired  signal  is  25  kHz  away  from  the  desired  signal.  Program 
outputs  were  used  to  generate  curves  showing  desired-to-undesired  signal 
relationships  for  a constant  Articulation  Index  (AI)  of  0.5.  Choice  of 
this  AI  is  explained  in  Volume  1.  FIGURE  5 shows  the  resulting  curves. 
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Effect  on  Ground  Stations.  The  minimum  desired  signal  (sensi- 
tivity) at  a ground  station  receiver  is  -124  dBW.  From  FIGURE  5 
(dashed  curve),  it  is  seen  that  the  maximum  allowable  U for  a D of 
-124  is  -116  dBW.  The  propagation  loss  required  to  ensure  that  U 
will  be  less  thap,  -116  dBW  at  a ground  station  may  be  calculated 
from  the  following  equation: 


(2) 


G 

r 


U 


the  required  propagation  loss,  in  dB 

the  AEROSAT  aircraft  power,  in  dBW 

the  AEROSAT  aircraft  antenna  gain,  in  dBi 

the  ground  station  antenna  gain,  in  dBi 

the  maximum  allowable  undesired  signal,  in  dBW. 


AEROSAT  aircraft  power  level  at  the  aircraft  antenna  terminals  is 
19  dBW  and  the  AEROSAT  aircraft  antenna  gain  in  the  horizontal  direction 
and  measured  at  the  polarization  of  the  ground-station  antenna  (see 
FIGURE  11,  Volume  1)  is  -2  dBi.  Using  an  effective  ground-station 
antenna  gain  of  0 dBi  in  Equation  2 results  in  a required  propagation 
loss  of  133  dB  to  prevent  interference  to  the  ground  station.  Calcu- 
lations of  the  distance  required  to  obtain  a loss  of  133  dB  were  made 
using  ECAC's  Master  Propagation  System.  After  examining  the  possible 
effect  of  ground-station  antenna  height  variation  and  of  aircraft  alti- 
tude variation,  it  was  determined  that  a propagation  loss  of  133  dB 
will  be  exceeded  90%  of  the  time  when  the  distance  between  the  AEROSAT 
aircraft  and  the  ground  station  is  244  nmi  or  more.  This  is  the  distance 
from  a ground  station  within  which  the  AEROSAT  aircraft  should  not  oper- 
ate when  tuned  to  a channel  adjacent  to  (25  kHz  away  from)  the  ground 
station. 
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Effect  on  Aircraft  Receivers.  Minimum  D at  the  terrestrial 
system  aircraft  receiver  is  -113  dBW,  and  from  FIGURE  5,  the  maxi- 
mum allowable  U for  a D of  -113  dBW  is  -104  dBW.  In  Volume  1, 
coupling  factors  (CF)  were  calculated  that  account  for  both  propa- 
gation loss  and  aircraft  antenna  gains  on  aircraft-to-aircraft 
paths.  Required  CF  is  calculated  from  the  following  equation: 

CF  = U - (3) 

where 

CF  = the  coupling  factor,  in  dB 
and  other  symbols  have  previously  been  defined. 

From  Equation  3,  the  required  CF  is  -123  dB.  From  FIGURE  6,  which  is 
reproduced  from  Volume  1,  it  is  seen  that  separation  distance  should 
exceed  160  nmi  to  prevent  interference.  This  is  the  distance  from  an 
aircraft  within  which  the  AEROSAT  aircraft  should  not  operate  when 
tuned  to  a channel  adjacent  to  (25  kHz  away  from)  the  aircraft  trans- 
ceiver. 

Geographical  Constraints  on  AEROSAT  Aircraft . An  AEROSAT  aircraft 
operating  on  one  of  the  twelve  possible  channels  in  the  131.4-132.0  MHz 
band  should  not  transmit  when  within  244  nmi  of  an  adjacent- frequency 
ground  station  in  Europe  or  within  160  nmi  of  an  adjacent-frequency  air- 
craft flying  a European  air  route.  In  order  to  identify  those  geograph- 
ical areas  that  are  to  be  avoided,  European  ground  stations  adjacent  to 
each  possible  AEROSAT  frequency  were  plotted  on  a series  of  maps.  For 
example,  stations  operating  at  131.4  MHz  and  131.45  MHz  were  plotted  on 
one  map,  since  both  frequencies  are  adjacent  to  131.425  MHz;  stations 
operating  at  131.45  MHz  and  131.5  Ntlz  were  plotted  on  one  map,  since 
both  frequencies  are  adjacent  to  131.475  MHz;  etc.  On  each  map  is 
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shown  the  area  within  244  nmi  of  each  ground-station  svTTibol  that 
should  be  avoided  by  an  AEROSAT  aircraft  transmitting  on  the  par- 
ticular AEROSAT  frequency. 

In  addition,  areas  that  should  be  avoided  to  prevent  inter- 
ference to  terrestrial-system  aircraft  were  determined  as  follows. 

The  coverage  area  of  each  ground  station  was  ascertained  by  calcu- 
lating the  radius  within  which  the  minimum  desired  signal  is  available 
"on  a high  percentage  of  occasions,"  as  specified  in  Reference  7.  It 
was  determined  that  an  aircraft  at  40,000  feet  would  be  subject  to  the 
required  power  density  of  -109  dBW/m^  approximately  90%  of  the  time 
when  within  190  nmi  of  a 50-W  ground  station,  and  when  within  225  nmi 
of  a 1000-W  ground  station.  It  was  assumed  that  any  aircraft  within 
the  calculated  coverage  area  was  operating  on  the  frequency  of  the 
ground  station.  Thus,  for  an  AEROSAT  aircraft  to  be  160  nmi  from 
the  terrestrial-system  aircraft,  the  AEROSAT  aircraft  must  be  (160  + 

190)  nmi  from  a 50-W  ground  station  and  (160  + 225)  nmi  from  a 1000-W 
ground  station.  These  distances  were  modified  when  determining  areas 
to  be  avoided  near  the  Atlantic  Ocean,  since  intra- Europe  routes  do 
not  extend  out  over  the  ocean.  FIGURE  7 shows  the  routes^ ^ expected 
to  be  used  in  the  westernmost  portions  of  Europe,  for  the  eight  year 
period  ending  1979.  AEROSAT  aircraft  on  a particular  frequency  should 
avoid  the  area  within  160  nmi  of  those  routes  in  the  coverage  area  of 
adjacent- channel  ground  stations. 

FIGURES  8 through  19  show  the  locations  of  European  ground  stations 
that  operate  at  frequencies  adjacent  to  131.425  MHz  through  131.975  MHz, 
respectively.  In  each  figure,  it  can  be  seen  that  a large  number  of 
ground  stations  are  operating,  so  that  operation  of  AEROSAT  equipment 

^ ^Air  Navigation  Plan  - European  Region,  Eighteenth  Edition,  International 
Civil  Aviation  Organization,  Montreal,  Canada,  February  1973. 
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FIGURE  8.  GROUND  STATIONS  ADJACENT  TO  131.425  MHz  AND 
BOUNDARY  FOR  AEROSAT  AIRCRAFT  TRANSMISSIONS. 
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FIGURE  9.  GROUND  STATIONS  ADJACENT  TO  1 31. 475  MHz  AND 
BOUNDARY  FOR  AEROSAT  AIRCRAFT  TRANSMISSIONS. 
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FIGURE  11.  GROUND  STATIONS  ADJACENT  TO  131.575  MHz  AND 
BOUNDARY  FOR  AEROSAT  AIRCRAFT  TRANSMISSIONS. 
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FIGURE  14.  GROUND  STATIONS  ADJACENT  TO  1 3 1. 7 25  MHz  AND 
BOUNDARY  FOR  AEROSAT  AIRCRAFT  TRANSMISSIONS. 
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FIGURE  15.  GROUND  STATIONS  ADJACENT  TO  131.775  MHz  AND 
BOUNDARY  FOR  AEROSAT  AIRCRAFT  TRANSMISSIONS. 
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FIGURE  17.  GROUND  STATIONS  ADJACENT  TO  131.875  MHz  AND 
BOUNDARY  FOR  AEROSAT  AIRCRAFT  TRANSMISSIONS 
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FIGURE  18.  GROUND  STATIONS  ADJAGENT  TO  l.-?1.925  MUz  AND 
BOUNDARY  FOR  AEROSAT  AIRCRAFT  TRANSMISSIONS. 
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in  aircraft  over  the  European  continent  is  not  recommended  at  any 
frequency.  A boundary  line  has  been  drawn  on  each  figure,  indicating 
the  boundary  between  areas  where  AEROSAT-equipped  aircraft  may  be 
operated  without  causing  interference  and  areas  where  interference 
is  possible.  That  is,  eastbound  AEROSAT  aircraft  should  stop  trans- 
mitting when  reaching  this  boundary,  and  westbound  AEROSAT  aircraft 
may  begin  transmitting  when  reaching  this  boundary.  A comparison  of 
the  twelve  figures  reveals  little  basis  for  choice  among  AEROSAT  fre- 
quencies. 

Interference  in  the  Pacific  Area 


As  in  the  Atlantic  area,  frequencies  in  the  Pacific  area  are 
assigned  at  50-kHz  intervals  (1970  data),  and  receivers  utilized 
may  also  be  assumed  to  be  equipped  with  50-kHz  selectivity.  If 
Pacific  area  usage  of  the  AEROSAT  system  is  decided  upon,  areas  in 
the  vicinity  of  the  stations  listed  in  APPENDIX  B should  be  avoided. 
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SECTION  3 
RESULTS 


GENERAL 


The  following  results  and  recommendations  are  based  on  the 
best  estimate  of  the  world-wide  VUF  environment  that  will  be  en- 
countered by  AEROSAT  in  the  1980' s,  as  indicated  by  data  sources 
available  to  ECAC. 

RESULTS 


Atlantic  Area  Satellites  and  Aircraft 


1.  On-tune  interference  to  the  AEROSAT  VHF-to-C-band  link  is 
likely  to  occur  if  either  131.425  MIlz  or  131.975  MIlz  is  chosen  as 

a VHF  uplink  carrier  frequency.  One  on-tune  ground  station  operates 
in  France  at  each  frequency;  operational  coordination  with  these 
stations  will  eliminate  this  interference. 

2.  With  the  exception  of  the  two  on-tune  stations,  all  po- 
tential interference  sources  to  the  VHF  uplink  will  be  separated  in 
frequency  from  the  AEROSAT  frequencies  by  at  least  17  kHz.  Inter- 
ference will  be  avoided  if  the  selectivity  of  the  VllF-to-C-band  re- 
peater in  the  satellite  meets  the  following  requirements: 

a minimum  rejection  of  17  dB  at  ±17  kHz,  and 
a minimum  rejection  of  30  dB  at  ±19  kHz, 

with  respect  to  each  VHF  uplink  carrier  frequency. 
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3.  Interference  by  AEROSAT- equipped  aircraft  to  terrestrial 
system  VHP  receivers  in  Europe  is  possible  on  all  AEROSAT  frequencies 
if  the  AEROSAT  aircraft  transmits  over  European  land  areas.  Inter- 
ference to  the  terrestrial  system  receivers  may  be  avoided  by  re- 
stricting the  geographical  area  in  which  AEROSAT  aircraft  trans- 
missions are  allowed,  as  shown  in  FIGURES  8 through  19. 

Pacific  Area  Satellites  and  Aircraft 

1.  Adjacent-signal  interference  to  the  AEROSAT  VHF-to-C-band 
link  is  likely  to  occur  if  either  131.925  MHz  or  131.9'!’5  MHz  is 
chosen  as  an  uplink  carrier  frequency.  High  levels  of  interference 
will  be  received  from  two  stations,  one  at  131.944  MHz  and  one  at 
132.0  MHz;  operational  coordination  with  these  stations  will  elim- 
inate this  interference. 

2.  With  the  exception  of  the  two  stations  at  131.944  MHz  and 
132.0  MHz,  the  selectivity  requirements  for  Atlantic  area  satellites 
will  be  sufficient  to  avoid  interference  in  the  Pacific  area. 

3.  Interference  by  AEROSAT-equipped  aircraft  to  terrestrial 
system  VHF  receivers  in  the  Pacific  area  (except  in  the  US  and  Canada) 
is  possible  on  all  AEROSAT  frequencies.  Interference  to  the  terrestrial 
system  receivers  may  be  avoided  by  restricting  the  geographical  area  in 
which  AEROSAT  aircraft  transmissions  are  allowed. 
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APPENDIX  A 

GROUND  STATIONS  IN  THE  131.4  TO  132.0  MHz  BAND 
IN  VIEW  OF  ATLANTIC  SATELLITES 

Column  headings  are  described  below: 

FREQ  IN  MHz  - gives  the  carrier  frequency  of  each  transmitter.  The 
transmitters  are  listed  by  frequency. 

CITY  - ground-station  location. 

STATE  OR  COUNTRY  - ground -station  location. 

LATITUDE  - estimated  ground-station  location. 

LONGITUDE  - estimated  ground- stat i on  location. 

TRANSMITTER  POWER  IN  WATTS  - assumed  ground- stat ion  transmitter  power. 

SATELLITE  AT  15  DEG.  W.  - for  the  geostationary  satellite  at  15°  West 
longitude,  calculated  values  are  given  for  the  elevation  angle  from 
the  ground  station  to  the  satellite  fELEV.  ANGLE),  received  signal 
strength  (RECEIVED  POWER  in  dBW| from  both  the  ground  station  (GROUND) 
and  an  aircraft  in  the  vicinity  of  the  ground  station  (ACFT) . The 
received  signal  strength  is  the  maximum  received  signal  strength  at 
the  satellite  antenna  terminals  including: 

1.  The  transmitter  power  - for  the  airborne  transmitters,  the 
maximum  power  of  50  watts  is  used. 

2.  The  transmitting  antenna  gain  and  line  losses. 

3.  The  free- space  propagation  factor. 

4.  Multipath  - for  maximum  signal  strength,  the  factor  is 

20  log  (1  + RD)  where  R is  the  reflection  coefficient  for  sea  water 
and  D is  the  divergence  factor. 

5.  Scintillation  - the  values  that  are  exceeded  1%  of  the  time 
in  TABLE  1 are  used. 

t>.  Satellite  antenna  gain. 
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The  scintillation  and  multipaths  are  such  that  the  "received 
power  in  dBW"  is  exceeded  approximately  0.1°s  of  the  time.  For 
elevation  angles  less  than  10°,  the  elevation  angles  are  not  ac- 
curate due  to  atmospheric  refraction  and  the  received  signal  strengths 
are  unpredictable  and  are  therefore  not  shown. 

SATELLITE  AT  40  DEG.  W.  - similar  to  the  satellite  at  15°  W. , for 
the  satellite  at  40°  West  longitude. 
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AI'PENIHX  B 

('.ROUND  STATIONS  IN  131.4-132.0  Mllz  BAND 
IN  VIEW  OF  PACIFIC  SATELLITES 

Column  headings  are  the  same  as  defined  in  APPENDIX  A,  except 
that  satellite  locations  are  at  1S5  degrees  West  and  180  degrees 
West . 
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